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, . , $\omega$ $u(t)=\sin(\omega t)$
. ( ) $|P(j\omega)|$ ,
$\angle P(j\omega)$ . ( , $i$ )
M.Kanno.99$\Phi \mathrm{a}\mathrm{n}\mathrm{t}\mathrm{a}\mathrm{b}$.net







, x(t) . , .





, ( ) .
$P(s)=C(sI-A)^{-1}B+D$
, $P(s)$ , $K(s)$ , ( 1)
, 7(t) y(t)





, , f . . f
$\mathrm{P}$ ( , ) . , $f(\mathrm{P})$ ,
( $A$ ) . $A$ , $f(\mathrm{P})$
. , $\mathrm{P}$




$\text{ }[\underline{f},\overline{f}]\text{ }A\text{ }$ .
. , , $A$
, .
$[3, 4]$ .
1 $f:\mathbb{R}^{n}arrow \mathrm{R}$ well-defined ( ). , $A$
, well-defined $A:(\mathrm{F}^{n},\mathrm{F}_{>0})arrow \mathrm{F}^{2}$ , $\mathrm{F}\subset \mathrm{R}$
, $\mathrm{F}_{>0}$ $\mathrm{F}$ , .
$A(\mathrm{P},\epsilon)=(f\ell, f_{f})$ ( , $f\ell\leq f_{f}$), $\mathrm{P}\in$ $\epsilon\in \mathrm{r}_{>0}$ , $f(\mathrm{P})$
[$f\ell$ , , $f,$ $-f\ell\leq\epsilon$ , $A$ $\mathrm{F}$ .
f . ,
, . ,













, [6] . , ,
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. . [7] .
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. , $A(s)=A(-s)$ $A(j\omega)>0,\forall\omega\in \mathrm{R}$ $A(s)$ ,
, , $A(s)=f(s)f(-s)$ ( – ) $f(s)$
, f(8) . , A(s)
, 1 , 2







G(s) , H2 .
$||G||_{2}:=\sqrt{\sup_{\sigma>0}\{\frac{1}{2\pi}\int_{-\infty}^{\infty}\mathrm{t}\mathrm{r}\{G^{l}(\sigma+j\omega)G(\sigma+j\omega)\}d\omega\}}(=\sqrt{\frac{1}{2\pi}\int_{-\infty}^{\infty}\mathrm{t}\mathrm{r}\{c*v\omega)G(j\omega)\}h})$








, (2) Gramian L , (1) .
,
$||G||_{2}=\sqrt{\mathrm{t}\mathrm{r}\{CL_{\mathrm{c}}C\cdot\}},$ $AL$ $+L_{\mathrm{c}}A^{5}+BB^{*}=0$
. Gramian L , ||G||2 .
H2 ,
. , $A,$ $B$ ,C .
(2) , . L – ,
. ( , L ) , –
Maple , L







. , , H\infty
– , ,
. G(s) H\infty .
$||G||_{\infty}:= \sup_{\mathrm{R}\epsilon\langle\iota)\succ 0}\overline{\sigma}\{G(s)\}(=\sup_{\omega\in \mathrm{R}}\overline{\sigma}\{G(j\omega)\})$




. \mbox{\boldmath $\gamma$}>0 . .
$H_{\gamma}:=$
, $R:=\gamma^{2}I-DD$ . , $\gamma>||\mathrm{G}(s)||_{\infty\text{ } }$, $\gamma>\overline{\sigma}(D)$ $H_{\gamma}$
.
, H\infty , $\gamma$
. ,
. ,
, , . , $\gamma$
, \mbox{\boldmath $\gamma$} , ,





, H\infty . ,
, H\infty ( ) –
. , ( ) $\mathcal{H}_{\infty}$ .
, H\infty .
, H\infty .
, G(\epsilon ) H\infty 3 -- [3].
(i) $\overline{\sigma}\{G(0)\}$
(ii) $\overline{\sigma}\{G(j\infty)\}$
(iii) $h_{\gamma}^{*}(x)$ ($x$ ) –
208
2:
, $h_{\gamma}(x)$ . , $\Phi,,(s):=\gamma^{2}I-G^{T}(-s)G(s)$ , $\det\Phi_{\gamma}(s)$ $s^{2}$ $x$
$g_{\gamma}(x)$ ( , $g_{\gamma}(s^{2})=\det\Phi_{\gamma}(s)$ ). , $g_{\gamma}(x)= \frac{\sim(x)}{l_{\gamma}(x)}$
. , $n_{\gamma}(x)$ $(x)$ $x$ $\gamma$ . . , $h_{\gamma}^{\epsilon}(x)$
.
$h_{\gamma}^{l}(x)= \frac{n_{\gamma}(x)}{\mathrm{G}\mathrm{C}\mathrm{D}(74(x),\frac{\partial}{\partial x}n_{\gamma}(x))}$
(i) (ii) , $\lambda$ $\det(\lambda^{2}I-G^{*}(\mathrm{O})G(\mathrm{O})),$ $\det(\lambda^{2}I-G^{\mathrm{t}}0\infty)G(j\infty))$
– . . h;\Leftarrow ) \mbox{\boldmath $\gamma$} , (iii)
. , G(s) H\infty ,
$\mathit{1}|G(s)||_{\infty\text{ } }$ ( )




, 2 , - n P(s) ,
, $w=(d_{1}d_{2})^{T}$ $z=(y_{1}y_{2})^{T}$ $T_{wz}(s)$ $\mathcal{H}_{2}$
K$\circ$pt(s) . ,
$P(s)=. \frac{a_{n-1}s^{\mathfrak{n}-1}+\cdots.+.a_{0}}{s^{n}+b_{n-1^{S^{n-1}}}+\cdot+b_{0}}=:\frac{P_{N}(s\rangle}{P_{D}(s)}$
$(P_{N}(s),P_{D}(\epsilon)$ ) $a_{i},b_{j}$ $\epsilon$ , $K_{\mathrm{o}\mathrm{p}\mathrm{t}}(s)$
$K_{\mathrm{o}\mathrm{p}\mathrm{t}}( \epsilon)=\frac{\alpha_{n-1}s^{n-1}+\alpha_{\mathfrak{n}-2}s^{n-2}+\cdots+\alpha_{0}}{\epsilon^{n}+\beta_{n-1}s^{\mathfrak{n}-1}+\beta_{n-2}\epsilon^{n-2}+\ldots a\mathrm{l}}$




, 43 , $M_{D}(-s)M_{D}(s)=P_{N}(-s)P_{N}(s)+$
$P_{D}$ (-J)PD(S) , MD(s) . ,
$U_{N}(s),V_{N}(s)$ $n-1$ , $n$ ( ) . ,
$P_{D}(s)V_{N}(s)-P_{N}(s)U_{N}(s)=\{M_{D}(s)\}^{2}$
209
, UN(s)JN(s) – . –
– . , UN(s)lN(s) MMp(s)
. MD(s) , $U_{N}(s),$ $V_{N}(s)$









[1] M. Kanno: Guaranteed Accuracy Computations in Systems and Control $\mathrm{P}\mathrm{h}\mathrm{D}$ dissertation, Univer-
sity of Cambridge (2003)
[2] , : . 5
, 707/710 (2005)
[3] M. Kanno and M. C. Smith: Validat\’e numerical computation of the $\mathcal{L}_{\infty}$-norm for hnear dynami-cal
systems, Joumal of Symbolic Computation, 41-6, 697/707 (2006)
[4] , : $\mathcal{H}_{2}$ , 34 ,
137/140 (2005)
[5] : , , 4S-5, 455/462 (2006)
[6] G. E. Collins and A. G. Akritas: Polynomial real root isolation using Descarte’s rule of signs, In
Proceedings of the $ACM$ Symposium on Symbolic and Algebraic Computation, 272/275, New York
(1976)
[7] G. E. Collins and W. Krandick: An efficient algorithm for infallible polynomial complex root
isolation, In P. S. Wang, editor, Proceedings of the Intemational Symposium on Symbolic and
Algebraic Computation, ISSAC ’92, 189/194, ACM Press, New York, NY (1992)
[8] –: , (2000)
[9] M. Kanno and M. C. Smith: Guaranteed accuracy computations in systems and control, In Pro-
ceedings of the European Control Conference $ECC$ 2003, Cambridge, U.K. (2003)
[10] K. Zhou, $\mathrm{J}$ . C. Doyle, and K. Glover ( , ): , (1997)
[11] S. Boyd, V. Balakrishnan, and P. Kabamba: A bisection method for $\mathrm{c}\mathrm{o}\mathrm{m}\mathrm{p}\mathrm{u}\mathrm{t}\dot{\bm{\mathrm{o}}}\mathrm{g}$ the $\mathrm{H}_{\infty}$ norm of a
transfer matrix and related problems, Mathematics of Control, Signals, and Systems, 2-3, 207/219
(1989)
210
